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G a A s S*x±lc. U --^'Tt^^^t < I Jl fi -T # P vi?f Jl t mmm t f)^ 

HuiieixttmtaJU)f ^*«/^SBii^ic^rkL A^Tt^Tt&^i^tc j: -^xKm-t h^^w^y^^i-^ 

• i^^^: < h ^ C60#4|#^tn -v r)xttM<?^-gMi. A 1 . G a . A s % iHifi!^ ^r> h L T 

Btjief«nifii|iH<?:>'>^- < i: 1 ma. A 1 . In. V^^^9th L T ^ty^ipi*:/!^^ L 

A 1 , I n . P ^ifi^i^i: L T ^ tf ^ #Ji <75 ± Ic j|-$B5? 5 tl S A 1 .. G a . A s % 

ifiic^i: LT#tJHtlie^i^f*ra tAl. In. P*±fjK:!^i: L T ^ t? Htl Hfi ^- i: <7) ?^ 

A 1 . In. P "^-^ff^^ t LT ^ismm^^mi¥m U . C a l a G a i_,a ) b ^ " l-b P 

(o<a<i. o<b^i) T-*>^ c t^nmt^^m^m i sfifs<7^iii?&)ts!^a##u - 
immm 3 1 

< i: Ccoit^ip^^^.>ffi 7*7 -v rix^fr£<7)-giS{i , A I a i-^ As ( 0 < x < 1 
) tC J: ^ tAlyGai-yAs (0<y<x<l)lCJ:€> ^MSJrSfsra t i)-- <h 

ISJf^/ita. (Al aGaj-a) ^Ini-bP (0<a^l. 0<b<l) t^^^j: h z t 

nu le v$ t_k II t fit ae )x t^ M ic *> -5 ^ - Jl - g|5 tt . mj le a l G a I n P {R fIS 

jff^/i cfc 0 ^^•> K ^ ^ v ^ v^CAIgGai-a) b'^l-b? (0^a<l. 0< 

b ^ 1 ) lb 'fir 0 . 

ni|ae«^#PiS'l4Jlli. G a c I n i-c P d A s i-d ( 0 < c < 1 . 0 < d< 1 ) 

mjnei^SHias GaeIni-ePfAsi-{ (0<e<l. 0<f<l)6^'b^--2>. 

Iff ^)5JI 6 1 

'mm,-%mWL(r>m:h^\t. ( l l .l ) Affl:^|nnc 5 " )t»-'b 2 0 * colEHi^TffHI* L/^ (.1 

^ ffi t^ :^ i"j 3t>^ a vS'ttw 5^mi ffj t»c li . (1 1 1 ) A ra :^ inj -K o jf^fc ttch r^v^m 

[l*?|5iI8] 



[mmm9] 

[M^JM 10] 

immi 11] 

[it?I^JM 1 2 ] 
[M«-D?JM 1 3 ] 

ijiii^ u - u >f ^ Ttiis t L T <i ;c. -5 ->t^'gfi ^ ^ - , 

[Sf 14]- 

ij^il # U - U -f % 7t ilS i: L T 41 ^ -5 C i: ^ feft i- -5 Ttii YI >- x , 



[ 0 0 0 1 ] 
[ 0 0 0 2 ] 

m^^m^m^iifv (vcsEL) la. mm\zt^L-zmm.ii\^\z^^\\\m^ ^^x^w 

> 5' zi •I'-s ^f. >- 3 > 7t 3i ft CO 7t -in . 7t t* v t y Ifj to 7t ilS . u - g > 5' # <50 iSi 

fl^ fi!^^ IS ^0 7t ill's: irR^.ffl^T-fflo'otiTv^^, 
[ 0 0 0 3 ] 

[ 0 0 0 4 ] 

CCtc. 8 5 0 nm^. 9 8 0 n m^li ttH -n*?) ^ ^ V T ^ i; ]Aaf> jt,»^^T-#> , M 

Wm\z 8 5 0 n m^T-li«^^P v^ttJl ic G a A s . I^Sr®^ 7. - tUf ( 7 y K Hi ) 
icii A 1 G a A s **fflv^ iJ, tiTv^ ^, $ ic, ^ttfil^.- A 1 G a A s ^.^/xttM ( D B R ) 

^ ^ , ^ ->t IS] ftij SP ic o V ^ T ti . 7t at5 t^r [S] *^ ^ '14 ;i <75 51> /§) 0 ;KMc ^ tt * J-^ tz i± 
ir. tiTv^^, v+'T-^, ^^'^t^^m \ \z^. ^ fi h ^ n \z (3 1 1 ) 

B3£>Hx. -3^0 (10 0) ft--?? (Ill) Bili:'3raic 2 5 " ftBf4 (oil) L f-iC>Hx*fflv^ 
c t T-|tsr4 L ;^:;'5lS]<;)7tMfiJ#.*»:'v:§ fi>\i:^[S] il3iJi] i^llBiT- § T -5 y^a^ . 

C<7):^vS*«'fi-:^m$ ( 3 1 1 ) A-S^^[B]+|=5:5/jm6**>'&. L jSj- L . :^ § < ffl 

^ L^- ( 3 1 1 ) '^mUl.^^^^^^^i (10 0) SUX±'N<75^'SB^fiX:^lCJt'^Tll L < 

:&r-2.*-. ( 3 1 1 ) AlS^Si-N-^^^B^RJi^tJ ^ ^ t o r::X.'^)b^#>-l.o 

§ l§ L IC < < T }^ IC < 4' ir > 'J -v h *5 ^ o. 
[ 0 0 0 5 ] 

— -H.^ 8 5 0 n m=k 0 ^vfe^R^T- ia»^ #P -/^ttJllc A 1 ^-^^u LT K ^' ^ v 7' % 
< LT^^LTv^^o 7 8 0 n m^TM±A 1 ffl^ 1 2 %^fS-;3s^D$ tiT vi^. L L 
. I^KH^ A •'tre i: ^0 ^0 K '^M^ii^'V $ <=&oTL*7 T* fi .11 ^ ^ ^ 'J 7- g}} 
c < 4- o T L ^ -7 ^::a6ic. 8 5 0 n m^lc Jt-^ T . !^lcSn^!f-1fttlcfcv,^T^(!T-'6r 

.!f# '14 ^ If -5 S «S T- S t o fc^H,"^ . %tz. •S&'liJllcv^'I'i'Sf A 1 fe^^^ii 3 n 

[ 0 0 0 6 ] 

8 5 0 n m ck 0 jgJ:R-^<50® ?&7tlS^4|# U - T ^1^ l£ 7t H $S ^ -b > 9 ^ h 

i fi^T. A 1 -7 -v$'i4Mt5)i (a-7 #pvi&'f4Ji - iku ^ Kwzmvk-t hm) -^vim-t ^ 7 8 

0 n m?5^iffil&7tia^i9# L - -^'^T^Jl^ ( !tf fP^ 1 #I>I) af^ffuicrt. ffl^-#p 

vS'ttillc^lo^R'Jli^W-ti.GaAsP. I^SHlcE^ffiM^^^^Ga 1 nP. ^'^-■^ 
il ( ^ 7 7 K/li:. ^1 ;^Zf^3ft^^^P7f&'l4lli:copg«^Jl) »c1#^^&G a I n P , f 
^ v h- Jltc A 1 G a I n P *»fflv> "biiT C tllc J; tildr. 't± ^ M Jb* A 1 7 - =5: <7> 

[ 0 0 0 7 ] 

^ ic. #iff I^^S^ 2lcJ:titf. C60<fc7 '5rv^^'l±1imA 1 v -J - ic J: i> 5fj m Ic /jd ^ T . 
vS'l±/i<7)^iJ#^:'ca < -t -Sfza^ic . «? #p rS-li/i ic ^ G a I n P A s . ^ 

S/itc^ST-S^Xli^lo^IOM^^-r^.Ga I nP. ^-^--^Jl (i'^ vKdfc, mi;?t 



um 3 ffl^#PV^'l4Jl tco^cr>m) \zm^m-^A l G a I n P - ^ ^ -y KIltcA 1 G a 1 
n P ( ^-^--^Ji ^ •) A 1 fflfi^:^) tj^m^^^fifz 7 8 0 n m <20 fSj IE 7t ffJ 4^ ip # t --f /j* 

[ 0 0 0 8 ] 

['-tflT-^if; 1 ] nmr- 9 - 1 0 7 1 5 3 ^i>i3 

[#^f g-t-:*:!^ 1 ] IEEE Photonics Technology Letters. Vol. 10, No. 1 2. 1 9 9 8 (mX 

' ±) 

U^n'^-Xm2] IEEE Photonics Technology Letters. Vol.12, No. 5 . 2 0 0 0 (Wisco 
ns i n Un i V. ) 

[ 0 0 0 9 ] 

^m^mii^^ ^ n$[tLx. ( a i ) g a i n p ^f^nn^m rzm^^ ^r-^m'^n^im t a i 

G a A s ^itm tT-mf^^ tifz .t #|Sixtt M t <75 T- ti A 1 G a A s H -nco I n ^ ^ 'J 
-^-'N'-'Srif. I n<7>'^m (segregation) <7> C . sg ft m aft r|iS Ji;/]!) 6» 4^. U 

T L * -7 ^Mi^)b'^.5o 
[0010] 

% c;^ e fi^ IJ . G a A s S)Hx±.lc A 1 . In. P ^rS.fii^^^ i: L T i^t^^J^^^^H 4" 
< i: ^ 1 JilSI+'b*lTv^.SlljfE->t^^i?#^lx ->'ICfcv>T , I n c?^ ^ ic J: ^ M 

[0011] 

$ 'h^ ^UffJli. 8 5 O.nm^ vS:R ^ [Hi ^vt Jtp U - ^'IC ^ L T . vlSftt/li^ 

<&mii. • m m ti X- 3h ^ m ¥i-ycm -*)-\ mmfiizvinx ^mi^ycm 

[0012] 

mmmimm<^mf]ii. GaAs^iix±ic. u --t-Tt^is^i^^'^^r < 1 4. i h^mt 

#PV^'l±Ji i:Pf^Ji i: =5: ^ II #1 ii v§ )1 ^ # ^ ^ US tl i« tsX i: . r <7> ±. §|i 7^ ^ T 

.5 -ifi iP # Hi V- ^ -v ^fxmWt^ a- ^ . =5: < C ^ 4? # 'ifi 7 v r ix M - gli ( J 
, A 1 . G a . As ^ifiK^-")- 1 L T a" ^ i| H Z?^ >5: 0 . hu Be fft H it 'Sc < t ij I 

liii.Ai. \ n . p -^^fi^^ t Lx ^ts^mi^m-^^n L . a l . I n . P -^^l^^l-t L 

T#t?^a^¥i9*ra<7) Jitcff^fiRS n.& A 1 . Ga. A s ^ tL X ^ tsmm^-^t^m 

tA\. In. P LT #tf BUie^4p<=tJ)l i: <=^^ffi^«^^SJt'i^'lri^ffi<^ ^ 

[0013] 

m^m2mWi(r>mmt. SSj^JI l aB«£<^ffl%7t^^i?*f=U --^IcfcuT. A1. in. 
P^3Lm.^t LX ^tsmti^mi^mit. (A1 a^^l-a) b Ini-bP (0<a<l. 
0 < b < 1 ) T-*>^.. 
[0014], 

m^m3mWi<r>mmt. GaAsa«x±lc. U --^Tt^^^-t J: 4. l JIct^ST 

-:lt-p vS'14/1 i: I^EH i: fe^ ^- vt& tt Jf ^ # ^ ?^ SS gs 1i M t . ^ (r> T Siizmif ^ 

v^T. Huie/xt*ltliJSfT-^6»i5IWIfl5lc^ft:L Atj^^^jfe-Ti*ic i o T ixtt ^ -S (^^t 
fl7-:^7 y r/xttM?:#A. =5: < i: ^ C ^ ^i)- -Hi 7 v /x M - gMi . A 1 x G 
Bj-xAs (0<x<l) IC J: ^«:iajff^Ji tAl yGa|-yAs (0<y<x<l) iz 



^&^^&mnmmii . (A1 a^ai-a) b Ini-bP(0<a^l. 0<b<l) ti-'b 
[0015] 

K ^* ^ v 7- ^ ^,^ ( A 1 a G a 1 _ a ) b I " 1 - b P ( 0 ^ a < 1 . 0 < b < 1 ) 4' 

*) . vS'ttIi a . G a c I n j- ^ P d ^ ^ i- ^ ( 0 ^ c ^ 1 . 0 ^ 1 ) ii^ 

•b/S: *) . /J^o . Emm-^^n U . BUBfi^e/Hi. Gag I n i-e P f A s [_ f ( 0 < e < 1 

. 0 ^ f ^ 1 ) to 4- -6 , 

[ 0 0. 1 6 ] ■ 

10 0 1 7 ] 

v^T. ^m^&mcom:^i-lli. (l 1 l) Affi:^|ti]lc5/ 2 0 • <?:> $B lifl l^^ T- M 14 L 
( 1 0 0 ) E T- * S , 
[0018] 

<h ^rz}t-[±mco9\-mm^it. (i i i) Am:fji^iz^K^mvi t ^mvimii^.'k^ lt^^ 

[0019] 

m^ms mm<^^m fi . is?}? jm 4 ^ o l 7 ^ fsr ti - lem ^->tmj -t^ip - ic i> 

[ 0 0 2 0 ] 
I 0 0 2 1-] 

[ 0 0 2 2 ] 

1 1 Seticof&B/^cOTt f ^-r -y y'li. lf5]tJl4 ^-i-^ L 8 f5in - Ifi f jt c7> [Tii % 7t 
1 0 0 2 3 ] 

sS^RJi 1 2ieiJ^^^Bfl<?:>7t]^fi^:>'' ^-'Hi. st^Ji 4 L 8 c7>fiirn!()--se®6OB0i& 

[ 0 0 2 4 ] 

If ?RJM 1 3 mm.(r>jim<r>ycm'^m t ^ - ^ni . if ji^jm 4 l s c^f^rtiij^-iei^xc?:)® 

[ 0 0 2 5 ] 

lflJf?Jl 1 4 leK^o^B^cT^T^iifi ^ sl^Jl4 'Srv^ L 8 iofsffi ;b^-iefXtfOiTn J€7t 

U --^'Xttlf 5)<JI 9 iem<7^ia^7tS^i9# L- - ^' U ^Tti)?. i: L T ((in;c -So 
[%Bfl<7)!»iml 

[ 0 0 2 6 ] 

I tCK^ L 3 mm(r)¥tBf]\z iitllt . A1. in. P t LT#tJ^i9f4</l 

Ai. Ga. As:&^li$.^tL■z^ts^~iMwmi:cr>^m'^m^^^.m^i■■\T^<^m<7^i^m.t■t^ 

ciilc^koT. Al. In. P^±fiS.^iz LX ^ts^igi^m <r> JL\z A \ . G a . A s 
lziH-f?>^^tfim.iUL<nBW^±^lz&U^-^^Zti]-'X'B. ckoT. ft Jf -x ® ^ 



^ ^ Its ic }!]] X. c t ij-'B^izmm.X'^ 

[ 0 0 2 7 ] 

4 ieiX<7^^afllc ^nn. (AlaC>ai-a)ijIni-bP(0<a^l. O^b 

Jilc ^^mmmitiz ^ -^ x&mn.itt^ z t ^bx •? te, li^jd b R<5o/xtt^?(&iisu^^ fig 

h 5: •) , ^ <h\zmii!,-Jlit^m^X^ 5, ^fc. »>#p-SttJlli G a c I n j _ P A s 

(0<c^l. 0<d<l) . I^KHliC a e I n 1- e P f A s i'- f ( 0 < e < 1 . 

0<f<l) T-^*?. Al '&^/^T'\.^^j:\^nnti-^'<^'&mi)'mn%$ n-Z is <0 . a l ^ - 

vS'ttliHtsX (ft T#PV^; tin . >^l^^ nicPmt •6/1) i: L T ^ <?> T . ^ 1^:. c7> a •) jA ^ % 

8 5 0 nm J: 0 <20 ^ o {Ej |%7t # ^ - -^"^ S ^ IC a^m-t -& C t f}*X'B « 

[0 0 2 8] 

t«5t?ji5 ie«<?)^Hfl[c =j:nii, oa i n P a s ^^nn\zis\,^T . mmm t ^^^mi^n 

<75>N-> K < i-^ C i: 6*T-§ . ?1J ^# :>s: S < '5: S 60 T . ffic^ fiS/i fp . m 

YF ^ ^ftlic f C t **T' S ■& . 
[ 0 0 2 9 ] 

t»j|^Ji 6 leis^^Dfltc J: ti«. mm(r>myiii'&%m.L , mi^i^f}^ ( i i i ) Aum i^jic 

5 ° ^ 2 0 ■ <75iBHl^T-flar4 L ( 1 0 0 ) G a A s S-Hx^fflv^ ^ J: 9 ic L , lii 

jr$«XtC J: S K ^ ^ v - t a y ( 5:1^XP(B) f£*.lC J: ^^iftifk 

<7>^.fL:^^^f£->t^n'=i5^-b> 9 c;:>^±*'lfe-f ^ z t iz ^ -5 ^ i9 # u - -^f =5r ir<?^ t^^n' -f .^!f^tfe 
-Nc^^.Hi^W^iftiia^ -(±.5 c i: **T-§ .5. ^ 'otciJ. M:^tt3S^ST*> i^TtfliiJ Ulc 5/) tUj*^ 

5. EP*>. ma, «*t»m?tiTv^s (3 11) BSflx^fflo/iit^^^^jm^^ijiri-r c 

'i^fimizEmm^^^^ z t\z^ ^^■^'mnmufi.<^miKiz ^ mmt ^ z tx-m^^iii^ 

<^ rlilj il tt ^ IS] ± 5 i± ^ C t 6* T- § -5. o 
[ 0 0 3 0 1 

fim<^9vmmv^\zmyjfi'ki^rzii . (i i i) Amiir^iiz^K^r^m t l rz<nx- . mmmm 
((111) Affl:^[S]) <^'^-^mmmm±co';^^^m^^ z tx' . mycii\^<^m'mv± 

^ ^ >b IC 3c ^ -5 C t it>»T- § -5 , 
[ 0 0 3 1 1 

mmm s ie«5<?^f£Bflic j: ti i*. a i g a i n p ;^ -^ji^fflv^ ^ z tx'. mff^'^F< 

f}'6 8 0 nnick -fe T , A 1 "7 'j -v$'[iJl ( ffi^ #p vS'lifl ^ Iff Sd) ^ffli» 

T t . A 1 G a A s ic J: ^ 7 8 0 n mffi^7tS^4p#: U ~-*r<7^m ti t W'i^fl^X^K^ 

') TmcT^dht)*^mt^j:^±.\z. Mffl^#Pv^tt)l^^m^^ni74 C t /j^Kj . |nJ#W 
± tfo !tf ^ ^ d t )t»'T- § -5 . 
[ 0 0 3 2 ] 

i^i.-'^'^m-^mi.iz^'^mm-t^ztx. mx.it. »s jA^JiTt^^^^^jisicJt;^ l 

It^. mWiz-^ 'I ^ t: - uX'<rym B i^A-ti^B^ t tj: 0 . mB ii^A.mf^b^-^^\z\t^ ±L . m 
§ jA;?t K -y H S-lt fe'±# L T t CpiSlJii/S^m t -t Z i: 4- < CP^IJT-S ^ . S . |a] U IT § ja 
A K y I- S-lg^T^Ji aT'^fcnidrep^iJil/S^ral < -t -6 C i: )t>*T' § ^ , Tt ii fa icOT L 
iii^. IBJffif JC^ISf ti-- Z^tC J: S T*- 5' fe]^j!j*5Iftgi: ^ 4c7)T-miiiifi<)*T' § 6 , $ <h \Z . 



1 0 0 3 3 ] 

■l^co&i^ij^^mt =5: 0 . Hf&7tM^iP#L > y 7' <7) p jg # g ^ 0 *«:;>v;S < 1^^ ± 

■t -5 i: ^ ic, |11 ftJ|-$ -^^ E co {R; =i x S ft* [3 C i: /j*T § -5 = $ ic. A 1 "7 '/ - vi^ 
II ic J: 0.8 5 0 n m ^ IS M 4^ iSi u - ■•t- J: 7 ft ffl fS l&Tt ^ -1^ I. 

[ 0 0 3 4 ] 

u - <7>-K:R:« c DTMi 7 8 0 n m^m^^ ^ nx n . ® J€ 7t ifi 4- 4^ # - -^'nmmum- 
u --^f icit-^T 1 nmrnmumtH}-"]^^ z ttj^'b. -^mn<r> 7 s o n m<r>m^iftm 

[ 0 0 3 5 ] 
[ 0 0 3 6 ] 

U - -S:v^-)t 7 7- ^<T-*>-& P 0 F ^fflv,^ )?F fl>J T* ^ ilH ^5: ->t M ^ f I ^: - - 'i^^mM 
T $. o 

[ 0 0 3 7 1 

V > ic tt; :^ T- ^ -5 t =t ic M '-fW 'l± ic t ti T *) , Sn^7tMT-#> ^ Hi ^->t2i# i9 # 

u-^, ^v^7\:7 7'-^^^•T•^>^poF*fflv^ rzm-^sjT-mmtc^mm >■ x i^ *^bilt- s 

ir<50 7taffifi >• XT^z^icffli^^C i: fl5 T *> -5 . 

[ 1% Oil * i- /i <50 S ^ ff^ fli ] 
[ 0 0 3 8 ] 

[ 0 0 3 9 ] 

Bll ffl 7t ^ ^ 4? # L. - <75 /F. II fi^ ^ fig #IJ 2/ ^ ill <JIJ IC 118 ^ S 4j «0 T- ^> ^ , 

[ 0 0 4 0 ] 

( 1 ) y^--(r>mi^m 

v$ 't± li * # ^ « ga 1i taX t . ^ <7) ± -gp <7 T g-Mc ^ 1 1 n ± /X t^ M 7i T 315 Jx irt M 

< i: ^ C c7>ijiipf:tc^>Hl -f 7 -y r jx - §P ti , A 1 . G a . As *3i;iS^)- i: L T a" ty -1^ 

4p #ra )!?^ 5: . BU leiftlHi JH<^ '5:<i:^lliJJ. Al. In. P^a^fiS^^j-tLT^-tf 
#iP#;i**L, A 1 . I n . P -^^i^^iz L T # ty ^ <30 ± ic fiX ^ ti -5 A 1 
. Ga. As?:ifi^^i-t L T #feHuie^4p#ll i: A 1 v I n . P ^ifl^it LT ^tfiiDie 



n . F^^m^t L -Z ^ tsmm^^i^m li . (A1 a^ai-g) bI"l-bP (0<a^ 
1 . 0 < b < 1 ) tiTu 
[ 0 0 4 1 ] 

*tj(SI§«M«oS±SKlc A 1 . In. P^^Bg^t LT^tj^ip^Jlft^^l+'biiTo^ 
„ ^ T . A 1 . G a . A s ^i.if^^y t LT ^is^iJ^i^mti^h^j: ^ ±%^Jx^mt<r^fmit 
mcr>iiLm.-Z'^ 0 . ^^t(jmii^cnmmi}':kB\'-^mPfiT-3h fz. tz^**. A1. In.P^ 
5iBg^r>i: LT#ty^4p#;i±lcA 1 . Ga. A s ^^fi^^ t LX ^ts^i^t^m-^^ifufiS.-^ 
-t^mtf. ] ncT)^ ^ ') - t I n<r>^m.i}''^.C'^-t < . C n % ffiJ S 

t LT^fe^ii<:*;JlJitc A 1 . Ga, A ±.fiXr?i- i: L T # t^ ^i^^*;Jl ^ ,afii^:R -t ^ Jt 

1 0 0 4 2 ] 

J: 7 ic. A 1 . In, P.^3Lii%^ t L T #ty^ip#ra 1 i: A I . G a . As ^fEfii^5> t L 
[ 0 0 4 3 ] 

C C ic- A I , In. P ^±fi%^t LT ^ts^m^tm (AI a<^ai-a> 

bIni_bP CO<a^l. 0 < b < I) ^j: ^ miii.m i^^m i-f ^ n ^ . AlGaInP/1^ 
fflusc ti}^'i^mt^j:h 6 5 0 n m^^r irc7)#feffiili-;t?S¥iP#: U - ■^^i^*>^^<^C^: 
. 7 8 0 n ni^, 8 5 0 n m^^^ il^:Rlc ll<^^^ < A 1 G a I n P H ffl v% lEj 

[ 0 0 4 4 ] 

(2) m-comiisi.m 

-^mm<nmm<^m^-ytm^mi^i^ -^'it. m-<^mi^^m t lx . GaAs-sflxuc u 

gs l!B JuX t . ^ tfo ± g|5 ^ T gl5 ic ^ t+ n ± SB /X tt la ;^ T g|5 /X M t /j^ ^ m ^ 

mm^^-t ^m^-ytm^ij^i^^ - ^-izis^^^x . mmixmrnn mnmi^^m m m \z ^ it l xm 
7 -v rjxmk<n - gi5 a . a i x g a i _ x a s ( o < x < i ) ic ct ^ li iff- iis ji t a 

I yGa;-yAs (0<y<x<i) \z i,mmnmm t t)^ ^j: . mm=)-^mfs^ivl t m 

1-bP (0<a<l. 0<b<l) *^'b=5r-5^fiSi:$nTv^-S,, 
[ 0 0 4 5 ] 

^vl^ttH 7 \z&\^iSimnmm { a (r>m-^) at: (AI a^^l-a) b J i^l-bP ^0 
<a<l, 0<b<l) fZ' . (Al a<^3l-a) b Inj-bP (0<a<l. 

0<b<l);i8±lcAl. Ga. As^±;^5)-i:LT#t?^4p#;Jl (±gli;x^M5) ^ 
$SH^/55^.R-t -Sli^iO^S 9 ^m^^i/Si^ftc^^fifi^fiS i: -t-S> C t ij^XB ^cox. nW] 9 \z 

-^(r>m§iW^±i^\zmx.i Z tij^T'if ^fc. 1 0 liTg-Plxttm (-g-E) T-^>€,. 
[ 0 0 4 6 ]. 

(3) mE.<7ymii^m 

. mid,ii-\±m tmt^ixit^m.t<^m\z3hrz^ ^'<-^m<r>~mit. NuieA i Ga i nPfficn 

nmm =k *) K ^ y T-^^/h^ v^AlgGai-a) bl^i-bP (0<a<l. 0^ 



b ^ 1 ) /j-'^^r 0 , Buli:«T-#P v^'ttH !J . Gac I "l-cPdAsi-d (0<c<l, 

0 < d < 1 ) A^"^ ^- 0 . . Kmrn-^-^- L . mmmmm is G a e I n i-e P f a s i_ f 
(o<e<i. o^f<i) i}-'h>-^^ :hmf^t $tiTi^^o wh. .tmixmfk^mii^-t'^i& 

mnmm<r> 7 *.T-iJ'^=5: < t'h)^jtm\zm.ij&^^i&miffmm^ a 1 g a i n p t l . mmm 

^«^#P>^'l±)llcUG a .1 n P A s ^tm^ ffl T 6 , 
[ 0 0 4 7 1 

■7 ^ K K ^ V v 7- T- ^ ( A 1 a G a 1 _ a ) I n i _ ^ P ( 0 < a < 1 , 0 < b. < 

1 ) fciarf^/i^^v ') -rp^c jAdh<r) ^ ^ v \^ m t -f ^ z t i]*T' § ^ „ ^ ') -rmc .lAa^ 

7 y K A 1 G a A s IF.^Tff^R^ L Jf l§r »c J-t T . 7 v K H i: M^#P v^ttJl i: 

[ 0 0 4 8 ] 

ailcAlGaAs (x-^--»til)/AlGaAs vi§tfell ) 8 0 n m , 

8 5 0 n mm^^m^mi^l^ ^'blcAlGalnP (X-<--»tli)/GaInPA 

s (ft^#PvS14IS) ^-i? 8 0 nmffl^^^#*|t#u - -^'/o jft ^ fi^ ^5: tm *& fife T- «o ;^ -< - 

fc#PJl. i:#P/l ii^T^^O K v -^-^^^^-^ 7. - Jl i: [J 

A 1 G a I n P{Rla!Jff^Jl**§-t. 
[ 0 0 4 9 ] 
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10. UJ 



7 ic. A 1 G a I n P ( x -< - -4- /I ) /G a I n P A s ( fl: -7- # P v4 'l± II 
iBI£7tS^ip rt; U - -^'ic J: niJ . A 1 G a A s/A 1 G a A s 7 8 0 n 
#:u--^lSJti:j:. AlGaAs /A 1 GaAs^.^850n mRnf£7tm 

PvSttJl^idE^ilSaii^i: LTV^^, m.t-'i^m-t h t . ^ - - >v t =y ^ 
tlit) C<7)$ftmtt. Al GaAs/Al GaAs;F^8-5 0nmffi?& 



G a A s /A lGaAsl^850 n mS^7feie!^i^# l- - ^' =J: O.^i&Eafi • mn^it 
[0 0 5 2 1 

-r S Z t T- , TtBX •? its L iJ D B R <30 ixtt^^KilaS i?*5r t 4- 0 . $ <hlzm ^'J ftT- § i> , 
[ 0 0 5 3] 

M^#P v^'ttJlii G Ini_(.PfiAsi_(^ (0<c<l. 0<cl<l) . m 
^JltiGaeIn|-ePfAsi'-f (oie^i. 0<^<l)T•^'3.Al^^^T•v^ 

I 0 0 5 4 J • 

■ C ^ J: 7 ic. mHco4^m<JiJtC J: n . :^ - '♦t H <7) - lc A 1 G a I n P +'1 . 1^ 6g IS 
■^M^^PV^ttJl ic !i G a I n P A s ^fflv^€>c tx-. H to ?1J # S < fficliSfi. • M 

[ 0 0 5 5 1 

^is. mE.(r>mii>l.m-Z'\i . 8 5 0 nnicfc •}*fi\<»ife:^JcP^jEgLTv^-5/;*, cnli^^£*lcJ:t 
mii.m i}^mit>X ± B ii- ^ X' ^ -> T . S 5 O nm * *) ^\,^'i^^T-3r>'^-Z ij^-^t}*m^ 

[ 0 0 5 6 1. 

^-5, EP*.. mmm t^-SGa I nPAs 2;^^tt5^lic i^T . [a] - ^g T <7) l J G a I 

I i^X' . i&mii.mi'f ^ mmtimi^ i^^'^m m^it. g a o . e ^ " o . 4 p ^ii 

I i}R •) HJltfO A-c> K ^ V -v ^« 2. 02eV, Gao. slnQ. 5P ^T-'M^'m<r>^<> K 

.^^■yy-iil. 87eVT^3h*). 150meV:;^§u, 
[ 0 0 5 7 ] 
( 4 ) mEg<7^#|figjJiJ 

iJiJcofRrnic 4;jiffl^T^gT*>^ ^S^)3!^:Rffi;|jx<oH:^-e**. (Ill) A!S^(Sjlc5' ij^'h 

2 0 ' <r)mm^X'mnLrz c i o o ) h t uxif nxu ^, 

[ 0 0 5 81 

A 1 . In. p-^^/^finm"^. G a I n p <r>^^ufii^^iz i=\^T li . m\z . mm<r>mn 

i^-^^m.Lrzfjij-'m^^. ^i^lz. AlGalnP^CalnP icfcv^T (i. WiliiiLi}^ ( 1 1 

1 ) Ajs^^isjic 5 ' f}-ih 2 0' mm X' mu Lrz ( i o o ) g a a s mmij^m lt 

. ( 1 0 0 ) Sic fiv^li^. ^mm^&=F<^mii^lz ^ h' ^ ^ y ^(T^i^T ^ . t a -y 

4- ircoT-^W xiTf ttjc®^#^^ijr-t, (10 0) mt^h (1 1 1 ) Affl:^|njic<« 

(tif4fticit;i;Ti««M1§Tcojf^BX/j*ji]]i^^i^„ 10° /j^^i5° fe^T-.-t. 

„ t a -v ^ ^ (c L >5: < -0 T < , L 6- L . (1 1 1 ) A ® l"J Ml^ 2 0 

• S i: i^^fig:R)!?*EiHc '5r-oTv><„ -ecT-.5!pfeU--H'(630nmj!?-'b680 
nm) <nnn^iT'mtyfiX\.^ ^ A 1 Ga I nPW*^[J5' ib^'b20* (J:')#<<75J§^7 

• *^'bi5° ) (ommi^T-mn^ a rzmmt^-^izi^ionxx^ ^ . ^-^-^m (i^^-yi^ 

H) T'*>€> A IGalnPttttck'J.^l <7>(?iJ^ J: 7 icI^^H^ G a 1 n P t L fziSi^ 
^^TJ4*^>, ^ •blciS . ^S/i^ST #p vS-ttJi <>*G a I n P A s «oJ§ &T-i> o T 1.® 
i^Wjb'Jgfi.f.^ n^iOT-. cti'btfi^<r>fl^:RiciJ®::'je/>» ( 1 1 1 ) A®:'jiri]ic 5' /?-'b2 

0* (=fcosisL<t4 7-6-ibi5*) <r>f^mf^T'mmLrz ( i o o ) g a a s mm-^rn 



[ 0 0 5 9 ] 

i-^ic. m^yi\^mmiz'OK^xit. "^^m 2001-60739 i>ffiic. su-Hxcoiij^iiV 
!b*(i 00) ft^-^j (1 1 1) Amy^\^x\i (1 1 1) Bm-Jj\^\z I 5* ~4o* fflf4Lrc 
^flxi^fflv^. it^mmm:fj^-&mm $ 'btciiiiiM^*^^ i n a 1 g a a s , i n g 
a A s p ft-'b #a«T-#Pv^ttii^if ffl-t.-s c tx-mm Lrzii\^(nj^^Jt(smn'&-j\B 

<.LT. llTt^'jlSjcOfljiJIffll^LTV^^o !ff[f| 200 1-1 68 4 6 l^>a}lC^^tlT 

cfc ^ ic. > -^^^tf^^^Rtf^. tgHtf^. :^F)if$ i: LT . (1 0 0) io^h (1 

1 1) Amy3\^X\i (111) BE:'JlS]i:-t-5:'3v£^^^ tiTo€.. 3S « «o ffl ^'j- li (1 
00) h^h II 1 0] :h\^\z2' oil (-5* ~+5' #tj) tfO^;<?5T*>»)Ann. Bm:hj 

[ 0 0 6 0 ] 

iiL^ (1 1 1) Amivi^izmm^ it ^ z t\z ^ ^i^^$imm:h^^$im't ^ ^'^T-^i . 
Li}^L. Mi±. m^tiM^ tiTK^ ^ (311) Bmm^m^^rzm^<^n-%^mm^ ^ z t 
ij^X'B Mmmm^mfi^mT'ii o i i ) Emm ( 2 5 • ) j; o 'i^^x^m^^n ( 5° 

^MT-#Pvl&'l*JilclI$il.M^-^x. -S Z t\z ^ ^'Jc^mmmfj^.ir>miz\z J: 0 lifl-t S C t 
[ 0 0 6 1 ] 

Mmmm<^miis^m\zmL-z.,'^t!iitiy3\^i}->hn.rz'iS'\^.m<^9\'mmv(itLx. (i 1 i) 

i^\z^:hfi^nrzit . ( 1 1 1 ) Amivi^\:i-^x^mvi t-f ^ z tiz ^ -ox . mmntiiti] ( 
(1 1 1) Ats^^is]) (/^^■^sjmmi)*^ h\zm±L . m\^n<^mw'[^.i}''\^±.-t 

1 0 0 6 2 ] 

(5) mii<^mn%m 

[ 0 0 6 3 ] 

A 1 G a A s XA 1 G a A s l^vl^fiH ic J: 7 8 0 n m iffl ^ ->t ^- f4^ u - ■'f ^^Ji 6- t 
lt$'i -t ^ , A 1 X G a 1 _ X A s ( 0 < X < 1 ) ^ -< - 11 ( ^ v K II ) {Hi 4- 
Jflfi^iBH T-a ^ ^< > K ^ -v 'v V t)^± gv^AlxGai_xAs (x = 0. 6, Eg = 2. 
0 2 2 6 e V) fflfi^fe:^ 780nm(Eg = l. 5567eV) (D^i^f^fE t <^ K 
^^y-yHli. (Al a^^ai-a) b Ini-^P (0<a^l. 0^b^l) y^-^-^m 
( 7 -y K H) <^^m^ ^j:mffXmmxm.ij ^ -v ^'fe':*^ S ( a l a ^ a' l- a > b 

Ini_bP (a = 0. 7. b = 0. 5. Eg = 2. 289 eV) t . 6 's 0 n m 

(Eg=l. 8233eV)<7> S'Wl/i i: K ^' v v 7'^ ( 4 6 0 m e V ) i: 13 L 

v», 

[ 0 0 6 4 ] 

aeInj_ePfAsi_| (e = 0. 6\ f = l.Eg = 2. 0 2 e V ) t t tilt . Sl/iX 
6 8 0 n m <75 ® 'l± Jl i: <o ^ { > K ^ ^ -v v'^ i 2 0 0 m e V 4' 0 . A 1 G a A 
s/A 1 G a A s ^-Stt/lic J:^ 7 8 0 nm®f£^^^i?#U --^-i^^lt^i: at3r|B]#i: =5: 

[ 0 0 6 5 1 

oiO. Al Ga I nP^>^^--^li (^^ yK/l) ^fflv^^ztT. fflfiXi!5R*'68 
0 n m J: •) ^'<^^T- S^tlli . A 1 7 'J -vSttJl ( rS-ttJl t I^B/l) i&fflv^T . 

AlGaAs/AlGaAs ^-^tt/llc J: ^ 7 8 0 n mffiP&^S^iH* U - -^colgifr i: la] 



[ 0 0 6 6 ] 
[ 0 0 6 7 ] 

^mm^mm\ziH'f:hm^^m^i$i^i''-^'it. h a jt?M i i i ) a it^j ic i 5 • 

mULfzn- (1 00) G a A s 3S ^Hx 1 1 ± Ic n - A 1 q 9 G a o . i A s i: n - A 1 
0. sGao. 7 A s tciD tt 1 /*4 •fg<75 j?5 T-55Slc<^iJi.fi 3 5 

m'mmm Lrzkmmm. i 2 -^<n±.^<n 1 /a 3 ^^'o^-^. n - ( a 1 0. / G a 0. 3 

(T§l5ixt^^t) 14 **ff^BX cm 1 T-ijf^ifflij ^B&) ^nxv^^, mmmmi 

i^t-t-Sn— AlQ. gGao. lAstn-AlQ. S^aQ. / AstiDftllciJ.Al 
m.fiX ^ -^co fit <)^.bfl!L;^iO ft ic^ ❖ ic'^^Mb^ 2 0 n fflfiJcffil^ll * A L T 

JflJ $0 T- § ^ o 

[ 0 0 6 8 ]. 

-e<7)±lc, 121 4 (C ^ t- J: -7 IC. (A 1 0. 2G a 0. 8> 0. 5 • n o. 5 P Tt5B 

- Jl 1 5 . EJ-i!SSiafiXT-*> o T ^0 K ^ ^ v -7-^^:^*^ 780nmi:>5r-53 11 £0 Gain 
P A s fi^#PVf&'l4Jl 1 6 tm^m^-t ^ 4JlcoGao.5l hq.sP PfeU 1 7 t 4" €. 
v^tiJi 1 8 > JkU. ( A 1 0. 2G a 0. 8> 0. 5 I n 0. 5? ±^^^--^1 i 9 
•5 , ^ ihlz-^ <r> tiz . 1 / 4 feiT) j¥ 6- =5: S p - ( A 1 0. 7 G a 0. 5 ) 0. 5 ' '1 0. 5 P EUn 
jlf^Jl(^'7yK;i^36ia-5) 20t. D-AlxGai_xAs(x = 0. 9) t d- 
AlxGai_xAs (x = 0. 3) ^^Slc #ij {J 2 4 . 5 /i^IWfftll L7ii?0 2 1 

^nTv^-s>« c *) 'b IC 4>ii]tiic*fl/3^<tsr4ii.^j«p A L T v-^ -5 o ®±gncii. mmt^> 

9 ^ h-^U?> p-G a A s ^> 9 hm2 3 b^mm.^ ilX -h . T^/xt^^S 1 4 i: ±g|5ix 

#^ M 2 2 (± . mM'&^Cn I 'j^^iP}-<^m$ ( V «) -5 7 ^ ^ ^ e ^ - ) C7> :H: jig g§ ^ 

tsl2 4 i: Lf::o Z ;K cT^^Sggg^t^ 2 4 TSPixttM 1 4 i:±g^/xttfl2 2 t IC J: •? J^JI 
[ 0 0 6 9 ] 

c cic. ^m:m<7ymm<r>m¥t^m^iJ^i^L. --^izi^K^Tii. p - ( a i o. jc a o. 3) 0. 

5 I n 0. 5 P ® ® fr ^1 ( 7 -y K H ^ « fc> ^ ) 2 0 ± IC ff^nX $ ti ^ . A 1 G a A s ^^^M *i 
/j^ 4- ^"^ ±gMxttM 2 2 /j^^ -5 p-AlxGai_xAs (x = 0. 3) 2 b tc^'^l 
rrn 2 6 ( 3 icffl^) ^mf^^^i/S^ffic^Ifi^ fiE t L Tv^ -5. 
[ 0 0 7 0 ] 

*> ^r^lc . {ife*lJ. ^m^s^it(r)m±m\z A 1 G a 1 n P ^ v K Ji ( x _ ff ) /j^ 
^li-'^)tlTw/io izEoT. A 1 G a A s ^^ttl^jb^-b 4--5.±gBlxttmi: <7^?^ra(i(S<J0CV.ST- 
. 7\:!¥^^^«SilX«7>i^W*»^§ (-^lipTrT* o fc. L L =5: . A 1 . In, P^Hih^^y 
h LT^tp^4?#ll±lc A 1 . Ga. A s ^in^^ i: L T #t?4^ip#/i ^^Si^nKRt- -2. Jf 
I n + 'J - =5r ir I n l: ^-t < . Z ti ^ Jfl) ;c -5 W )t>» ^ -5 IS 

[ 0 0 7 1 ] 

c<o,-#>. 2ts^ifS<7>ff$.i^<7)fliB^ic i: n tf . 2 e ^mn^^.fK^M'}<r)m<^^^LM.^ i±T a *) 

. nm2 6\ziH-fi,^^ma&iR<r>^mi3-'i<:m\zfSiiS^-ti>^^\zmi\;\^X3h^<7>X'. I n<7> 



[ 0 0 7 2 ] 

&mifmm i> ( a 1 0. jg a ) 0. 5 1 n 0. 5P ;s i: l fc**. in (o^m<^mm<n'Amfzi-fX' 

[ 0 0 7 3 ] 

tt M O C V D ic J: /5fe:ft L , Ictt T M G ( h 'I ^ ^ >itr ') u) , TM A ( h 
;^ ^ >l T i —'^ . TMI C b J^ Jl ^ y U) , PH3 ("7:j-X-7-f>) . A 
s H 3 . n mtT) K-^^•>h^:LTH2Se^ (-feU> ftTK^) , p m<r) K - 

> S i: L T D M Z n X ti C B r 4 ^ ffl . . ^ ^ T ?y :^ IC !J H 2 ^ ffl = M O C V 

D B R*^^;^®^7tM^4>^^U -•4--c/)^S^fi^:ft:^v£ i: LT;ii LTv^^o * re . M B E v£ 
[ 0 0 7 4 1 

:2t^f5Ste<7^0.iex- li. p PJ D B R tt^T-vf&t+lii 1 8 ic 35 o fR IHi iff ^ /I <75 - §P * A 1 A s H i: 

Lfc. LT. p(f^c?):^§ ^ (7) > -4- 2 6 ^^i-^ir <t^;p-AiAs mmnmitm 2 1 <r^m\ 

■5Tt5*^ra 2 8 % jfjfiX L f-o /Xic. 'J ^ 5 K TX -v ^> rgU^^S.^^iA^T•¥^H^bL . p 
> ^ 2 3 i:7tl±!t=fg|5 2 9c7)^^ _t. g|5 /x It 2 2 ±.<^ 'J 5 N^S L . p n > ? 

h H 2 3 ±c0 7\: ttJtISP 2 9 1-^151^ ic p ijm« 3 0 . Sili ic n ilffi+l 3 1 ^BfiX L » 3 2 
a 'J ^ 5 K ^mW. T- *5 -5 . 

[ 0 0 7 5 ] 

A 1 i: A s ^ * . fiX i-y i: L fz M jgj^ ^ fbH 2 7 <J0 ii jR ^ f t |c J: 0 m 55i * tf o /I: T IB!| 
fimiElifife^ o ?5jljR^ft)l 2 7 ^igJ^^fCL ;^ A 1 iefbDM Jb^ €> Iffi-f/rU*^)! 2 8 
^fflof-m»l}*5^+MiHlc =k i: . «i?rL5*3gre 2 8 ^v^ttH 1 8 ic jQ: It T /T'^ ;iX -5 C h T 

[ 0 0 7 6 ] 

1 1 1) Affi:^Ric:Rv^:RffiP3Jr^^t J; 7 ic^:^tt^ff /--UTJf^n^L^c, cnti^ft:/? 

4. ( 1 1 . 1 ) A a :^ [S] Jc :R u ffJt*^ t ifir o ^ , 
[ 0 0 7 7 ] 

^/i 25^A'<--*j-«l 9 1CA1 Ga I nPtt*^-. I^EHl 7 ^ fflT^ # p vS'l4/i 1 6 ic ii 
G a I n P A s ^fflv^Tv^^. S^'jfeib' ( 1 1 1 ) A ® ^'Jlpj 1= 1 5 * <lHML/z (10 0) 
GaAsStixl 1 ±lcff^flic L/;c7:>T-. 1^ -7<7> ff^ [c J: ^ > K ^ -y- -v -^'ct^ T ^ . 

o 

[ 0 0 7 8] 

^V'JTgli; ^!ti<r>tzeb<r> o 7 -v K Ji (/SttJl 1 8 lca^fflvv)x^M2 2<r>^m 
ifT-24s/i) 2 5 L T ^ K K ^ ^ -y ^'T-^-g) ( A 1 o. ^ G a ) o. 5 I n o. 5 P * ffl T 
o -2. c 7 -y K H 2 5 i: j$ 1 8 i: <7> K ^ ^ -v . 7 -v K H 2 5 ^ A 1 G a 

A s T-MfiX Lr-Ji^c?:)4 6 6meV(Al ffifife 0. 6c^Ji^)lcjt^T. 74 3 meVT- 

* •) ffiA^T^'slS V^, ^eiS 1 7 vS'l±li 1 8 t <7>^^•> K ^ ^ V ■T'M^ [B]+|lC fS-fe^A'^j ») 



[ 0 0 7 9 ] 

=6rfc. (Al o./Ga) 0.5I no.5P1&Hi'f^lf20 iivStt/i 1 8 t cr> cr> ^ - -^f m 

t Lx ( A 1 0. 2^ a 0. s) 0. 5 1 " 0. 5? ^ 1 9^1 mx-mifi Lfzt^. nik<^ ^mi^mx-m 

fiJcLT^^i^o k/c, Al Ga 1 nP{&;SJ>f^)i204;-^Al Ga I nP ^-^-^m I 9 
[ 0 0 8 0 1 

^fz. vStt/i 1 8 tmmm i 7 a. a 1 ^#^Tn^^^v^t^^^6-^^iBX$ nx^^ . a,i 
y ') -v^ttiiBM («^#pv^'i±ii . ;^i^'etiicpmt-^Ji) t lxk^ ^<nx- . mm<^m *) 

[ 0 0 8 1 1 

Mi± . nx^^ ^ (3 1 1 ) Bmm (25' ) ^m^^ rzm ^^izit^x . 

(15") x'3h^<^X'it^^}nmii^.it'h^ < Ki: ^mM(^mmx-ii . zcoet^ 
1 6 \zEmm^-H-x.h z tiz ^ ^-yt^$jmmyi'\^.<^m:^z, :iku\ Wii^i-yt 

(1 11) Ailj:'jrS]iC:Kv^ff$4^ t-t 6 z tiz ^ ^&mmn:^\^ ((ill) Arsi:^!"]) 

^^(fjmmm±\z ^ ^ mmLx }i >) 01 i) Bmmmm tit^x-^'h^cy^^tu^^pium 

f}^x- B fz, 
[ 0 0 8 2 1 

zcn ^ 7 \z-^^m<^mmiz j:rLit . f^fim i s (^mmt'-XB < i&mm. mtbtj. mnrz 
fifH'i*.. m-yc-j^i^mw'& . \s\mizmrzL rz 7 s o nmm^iytm^mi^i- --^'-^wm-t z 

t i}*X'§ ta^ . A 1 . I n\ P -k^fi^'Jyh LT#t^^4?#Jl 2 0 ±lcA 1 , G a . A 
s ^.t(«5>i: \^X %ts^i$.Wm 2 5 ^ fSS ^ fiK:R S If ^ (c i: I n so ^> ilic K ^ M 
±# ftV-tLi; IC < J: 7 tC ^H- L T v> -5 <7) T- § € (C HBST- § /i , 
[ 0 0 8 3 1 

6 8 0 n ni J: ife:^ T ti # ^ C t 6^T'S ^ , mx.\t. A 1 G a A s /A 1 G a 
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\z ck -siSf&Tt^^i^**: u -■4' 4 3 it'f&m<nm^^m^mi^ \^ - ^^ 0 ^r^a-y^ft^ nxv^ 
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